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Abstract 
Recently, a number of fatigue cracks have been detected in orthotropic steel decks in Japan. An effective inspection 
method for detecting and monitoring crack is strongly needed. In this study, Field Signature method (FSM), which is 
one of the Non-destructive inspection methods and has been already applied to detect corrosion or a section reduction 
of the plumbing in a power station and various plants, was focused. FSM system was applied to a couple of real steel 
bridges which were under different conditions during this study. Finally, an effectiveness of the system for 
monitoring fatigue cracks on steel bridges has been verified.  
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
1.1. Background of the study 
The Field Signature Method (FSM) is one of the non-destructive inspection methods. The CorrOcean Co. 
in Norway developed the basic technology. Hanshin Expressway, highway management authority in 
Japan, tried to develop this system applicable to steel bridges. The lab test result (Kim et al. 2007) showed 
FSM is effective to detect fatigue cracks on orthotropic deck plate in certain area with close-set sensors. 
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To meet the needs of having a powerful tool to monitor wider area such as whole bridges, the sensors and 
electrode intervals should be wider considering cost effectiveness.  
1.2. Basic principle of FSM 
FSM evaluates damage in the steel structures from measurement results of potential difference obtained 
by applying electric current to the objects. In case of having section loss or crack on the steel object, 
electrical resistance will be risen at the point. According to the Ohm’s law, the potential difference will be 
risen in proportion to increase of electrical resistance comparing before and after the damage when the 
electrical current is constant (see Figure 1.). 
1.3. Scope of the study  
Aiming at entire bridge monitoring, FSM was installed to a couple of existing orthotropic steel deck plate 
bridges with wider sensors intervals. The influence of bridge vibration on the measurement results due to 
the traffic and accuracy of detecting fatigue crack propagation was examined.  
Figure 1: Basic principle of FSM Figure 2: FSM system configuration
2. Field test results 
2.1. System configuration of FSM 
The system configuration of FSM is shown in Figure 2. At first, two electrodes are set to monitoring area 
to apply electrical current. Next, sensor pins are set to the place to monitor corrosion or crack damage. 
These electrodes and sensor pins are connected to the FSM measurement unit called FSM-IT. This unit 
can conduct both applying electrical current and measuring potential different between each pair of sensor 
pins automatically. It can also store the measured data in the unit. These data will be downloaded to the 
personal computer and analyzed by means of exclusive analysis program. This unit is able to be 
controlled remotely using telephone line or cellular phone system. 
2.2. Test result at retrofitted steel bridge 
The FSM system was installed to the orthotropic steel deck bridge which has fatigue cracks and already 
retrofitted with steel plate patch. The propagation of cracks was observed to testify the efficiency of 
retrofit and monitoring of initiation of new crack was also the aim. 
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Figure 3 shows the picture of monitoring area and pattern of sensor pins installment. The monitoring area 
was large including 4 transverse ribs and 3 deck panels. To meet the needs of monitoring wider area, the 
sensors were set in wider interval such as maximum 2m comparing it used to be a couple of centimeters.  
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Figure 3: Monitoring area and pattern of setting sensors 
The change rate of potential difference by time is expressed as permillage (1/1000) called FC value (Oku 
et al. 2006). The crack propagation or initiation of crack will be detected as increasing of FC value. The 
past lab test result (Oku et al. 2006) shows that in case of 0.1mm crack propagation, FC value will 
increase about 10ppt at pair of sensor pins which cover the crack. Figure 4 shows the observed FC value 
during about 3 months. Even though an influence of bridge vibration on the measurement results due to 
the traffic was concerned, it turn out to be slight on detecting over 0.1 mm crack propagation in this 
interval of sensor pins. The measurement result also shows that a new crack or propagation of existing 
crack was not detected. 
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Figure 4: Measurement result of FC value during 3 months 
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2.3. Test result at entire bridge monitoring 
The FSM sensors were installed in wider intervals aiming at entire bridge monitoring. Figure 5 shows 
about monitoring bridge and pattern of sensor pins and electrodes installment. The monitoring system was 
set to the box of orthotropic deck plate steel bridge which has a fatigue crack. The interval of electrodes is 
widened to about 90m and sensor pins to about 12m to cover entire bridge.     
.
Figure 5: Monitoring area and pattern of setting sensors 
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Figure 6 shows the observed FC value per day during about 8 months. The increase of FC value of “pair 
2” which covers existing fatigue crack between the sensor pins is significant. The other measurement 
results of pairs are vibrated up and down from the origin line due to the traffic but do not continue to 
increase. After monitoring term of about 8 months, the existing fatigue crack was propagated totally 
33mm in visible by means of magnetic test (see Figure 7). The result shows that the fatigue crack 
propagation was detected by means of FSM installing sensors in wider intervals. 
Figure 6: Measurement result of FC value during 8 months 
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Figure 7: Crack propagation (right and left side) 
3. Conclusions 
Fatigue crack propagation in actual orthotropic steel deck plate was detected by means of FSM installing 
sensors in wider intervals aiming at entire bridge monitoring. 
To ensure a relationship between measurement result (FC value) and length of crack propagation, more 
field test in several bridges will be conducted. 
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